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© Ratcheting stent 

© An intravascular stent comprising a cylindrical 
sheet having overlapping edges that interlock. The 
edges have a series of protrusions and apertures 
(33) that interlock and ratchet as the stent expands 
to an open position to support a section of arterial 
wall. The stent may be expanded by a balloon 
catheter or it may be self -expanding. The stent is 
biocompatible, may be bio-erodible, and capable of 
localized drug delivery. 

A plurality of retaining members to keep the 
stent open are disclosed. In one embodiment a 
buckle (20) fastening member is used, while in an- 
other embodiment a helical seam containing projec- 
tions (25) is employed. The stent may be wound in 
such a manner that during expansion of the stent, 
one side of the sheet comprising the stent desires to 
return to its original shape, creating a bias. In addi- 
tion, a variety of reticulated structure stents are 
disclosed, with novel geometric patterns that aid in 
increased flexibility while preserving radial strength 
and which also allow blood-tissue interaction and 
side branch access. 

The intravascular stent may be made of a sheet 
of material strengthened and stiffened by pyrolytic 



carbon or by structural reinforcement as in compos- 
ite laminates. 



FIG. 5 
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locking said first and second longitudinal edges 
comprises a plurality of teeth adjacent each edge 
adapted to engage in an interlocking relationship. 
Preferably said teeth slant along the cross-sectional 
circumferential direction of said cylindrical stent in 
opposite directions. 

Advantageously said cylindrical body portion 
has a plurality of apertures for increasing the flexi- 
bility of the stent. 

Advantageously said cylindrical body portion is 
expanded from a first diameter to a second, en- 
larged diameter, wherein said means for interlock- 
. ing said first and second longitudinal edges com- 
prises a plurality of teeth on said first longitudinal 
edge and a plurality of corresponding apertures 
adjacent said second longitudinal edge, said teeth 
and apertures engaging in an interlocking relation- 
ship to retain said stent in said second, enlarged 
diameter. 

Advantageously the stent is formed of a poly- 
mer material coated with a thin strengthening ma- 
terial comprising a pyrolytic carbon. 

According to a fourth aspect of the present 
invention there is provided an intraluminal stent 
implantable in a body lumen, comprising: at least 
one strip disposed along a longitudinal direction, 
said strip forming a ring having overlapping edges; 
a slot disposed in said stent, said slot receiving 
said strip to form said ring. 

Advantageously the stent further comprises a 
pair of breakaway tabs connecting said stent ring at 
said overlapping edges, to maintain the stent in a 
reduced diameter form during transport of the stent 
through a vasculature. 

Advantageously the stent further comprises a 
plurality of said strips interconnected to one an- 
other to form said stent: Preferably said strips have 
edges that are serrated, said serrated edges pass- 
ing through said slot. Preferably said serrated 
edges comprise sawtooth edges, and said edges 
engage and are held by said slot. Preferably said 
slot contains teeth. Preferably said teeth in said 
slot are joined in a breakaway manner. 

Advantageously the stent is formed of a poly- 
mer material coated with a thin strengthening ma- 
terial comprising a pyrolytic carbon. 

According to a fifth aspect of the present in- 
vention there is provided an intraluminal stent im- 
plantable in a body lumen, comprising: a substan- 
tially cylindrical body portion having a length ex- 
tending along a longitudinal direction, said body 
portion having a first edge that contains a slot 
extending along said longitudinal direction, and 
said body portion having a second edge extending 
along said longitudinal direction; said second edge 
passing through said slot; wherein when said cylin- 
drical body portion is expanded from a first re- 
duced diameter to a second, enlarged diameter, 



said at least one of said edges undergoes greater 
deformation than said other edge, to create a bias 
so that said stent is biased to return to said first 
reduced diameter form. 
5 Advantageously said cylindrical body portion 

has a plurality of apertures, and said first edge 
contains a plurality of teeth, wherein said teeth 
engage said apertures in an interlocking relation- 
ship. 

70 Advantageously said body portion is formed 

from a reticulated structure comprising a plurality 
of substantially S-shaped members having a top 
portion and a bottom portion, said top and bottom 
portions extending along said longitudinal direction, 

15 and said S-shaped members connected to one 
another through a plurality of interconnecting mem- 
bers attached to said top and bottom portions of 
said S-shaped members. Preferably said S-shaped 
members are interconnected to one another to 

20 form a repetitious pattern of said S-shaped mem- 
bers in said sheet. 

Advantageously the stent is formed of a poly- 
mer material coated with a thin strengthening ma- 
terial comprising a pyrolytic carbon. 

25 According to a sixth aspect of the present 

invention there is provided an intraluminal stent 
implantable in a body lumen, comprising: a body 
portion formed from a sheet, said sheet having a 
first edge and a second edge parallel to said first 

30 edge, said sheet having a plurality of apertures 
near said first edge of said sheet and a plurality of 
teeth extending from said second edge of said 
sheet, said body portion having a substantially cy- 
lindrical shape, wherein said teeth engage said 

35 apertures, wherein said substantially cylindrical 
body portion has an axial length extending along a 
longitudinal direction, and said sheet is formed 
from a reticulated structure having a plurality of 
substantially S-shaped members, said S-shaped 

40 members having top and bottom portions, said top 
and bottom portions extending along said longitudi- 
nal direction, with said S-shaped members con- 
nected to one another through a plurality of inter- 
connecting members attached to said top and bot- 

45 torn portions of said S-shaped members. 

Advantageously said S-shaped members are 
interconnected to one another to form a repetitious 
pattern of said S-shaped members in said sheet. 
Preferably said repetitious pattern comprises a hel- 

so ical spiral of said S-shaped members about said 
longitudinal axis. 

According to a seventh aspect of the present 
invetion there is provided an intraluminal stent im- 
plantable in a body lumen, comprising a body 
55 portion formed from a sheet, said sheet having a 
first edge and a second edge parallel to said first 
edge, said sheet having a plurality of apertures 
near said first edge of said sheet and a plurality of 
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teeth extending from said second edge of said 
sheet, said body portion having a substantially cy- 
lindrical shape, wherein said teeth engage said 
apertures in an interlocking manner, wherein said 
substantially cylindrical body portion has an axial 
length extending along a longitudinal direction, said 
sheet is formed from a reticulated structure com- 
prising a plurality of substantially honeycomb-like 
members, with a plurality of gaps interrupting said 
honeycomb-like members to allow increased flexi- 
bility. 

Advantageously said gaps extend along a di- 
rection in said sheet substantially orthogonal to 
said longitudinal direction of said stent. 

Advantageously said gaps spiral about said 
longitudinal direction in a helical manner. 

Advantageously the stent is formed of a poly- 
mer material coated with a thin strengthening ma- 
terial comprising a pyrolytic carbon. 

According to an eighth aspect of the present 
invention there is provided an intraluminal stent 
implantable in a body lumen, comprising a sub- 
stantially cylindrical body portion having an axis 
extending along a longitudinal direction, said body 
portion formed from a sheet of material, said sheet 
having a pair of edges that form a spiral seam 
about said longitudinal direction. 

Advantageously at least one of said edges has 
a plurality of projections extending therefrom, 
wherein said projections engage said sheet of ma- 
terial. 

Advantageously said sheet of material is 
formed from a reticulated structure comprising a 
woven mesh. 

Advantageously said sheet of material formed 
from a reticulated structure comprises a plurality of 
box-like members, and said projections comprise a 
plurality of hooks. Preferably said sheet has a 
substantially parallelogram shape. 

Advantageously the stent is formed of a poly- 
mer material coated with a thin strengthening ma- 
terial comprising a pyrolytic carbon. 

Thus it can be seen that the present invention 
is directed to a stent, adapted to be inserted within 
a body lumen, and designed to expand and lock in 
an enlarged diameter form. 

The stents are designed to engage in a sure 
manner, and, once engaged, to stay engaged with 
a high degree of reliability. 

In some embodiments of the stent the stent is 
locked along its seam by a locking member analo- 
gous to a "buckle." This buckle also may serve as 
a means for aligning the edges. 

In another embodiment of the stent, a helical 
seam employing teeth is used, so that failure of the 
stent along the locking portion will not result in 
catastrophic failure of the stent to maintain pa- 
tency. In yet another embodiment, a plurality of 



reticulated structures are used to form the stent. 

The stent may be made of a variety of materi- 
als, including biocompatible and bio-resorbable 
(bio-erodible) polymers, thermal-shaped memory 
5 polymers or metals, biocompatible metals, or super 
elastic materials such as nickel-titanium alloys. A 
material constituting the stent can be a thin, flexible 
polymer material, such as a polyimide, coated with 
a thin strengthening material comprising a pyrolytic 
io carbon. 

The stents are designed for flexibility coupled 
with radial strength. 

The stent may be deployed in a body lumen 
through a variety of devices, including but not 
75 limited to balloon catheters and specialized stent 
delivery catheters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG. 1 shows a portion of a sheet forming the 

stent of one embodiment of the present invention. 

FIG. 2 shows a cross-sectional view taken 
along a plane perpendicular to the longitudinal axis 
of the stent of FIG. 1 . when the stent is rolled up in 

25 a reduced diameter form. 

FIG. 3 shows ' a cross-sectional view taken 
along a plane perpendicular to the longitudinal axis 
of the stent, when the stent is unrolled in an 
expanded diameter form. 

30 FIG. 4 shows a perspective view of an embodi- 

ment of the present invention. 

FIG. 5 shows a perspective view of another 
embodiment of the present invention, showing the 
locking seam offset along a helical spiral. 

35 FIG. 6 shows another embodiment of the 

present invention, showing a sheet forming the 
stent, prior to being rolled up to form the stent. 

FIG. 7 shows a perspective view of a stent 
formed by the sheet of Fig. 6 

40 FIG. 8 shows an embodiment of the present 

invention showing a portion of a stent-forming 
sheet having apertures and projections. 

FIG. 9 shows a perspective view of a stent 
formed by the sheet of Fig. 8 

45 FIG. 10 shows an embodiment of a stent-for- 

ming sheet employing a reticulated, box-like con- 
figuration. 

FIG. 11 shows a close-up view of a sheet 
employing reticulated, S-shaped members. 

so FIG. 12 shows an embodiment of the present 

invention using a reticulated, honeycomb-like struc- 
tured sheet material having horizontally-spaced 
gaps to allow increased flexibility. 

FIG. 13 shows an embodiment of the present 

55 invention using a reticulated, honeycomb-like struc- 
tured material having transversely-spaced gaps to 
allow increased flexibility. 
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FIG. 14 shows an embodiment of the present 
invention using a parallelogram-shaped reticulated 
structured stent-forming material having a helical 
locking seam with a plurality of hook-shaped mem- 
bers on the helical seam. 

FIG. 15 shows an enlarged portion of the sheet 
of FIG. 14. 

FIG. 16 shows a cross-sectional view of an 
embodiment of the present invention employing 
overlapping edges engaged by teeth. 

FIG. 17 shows an enlarged view of the edge of 
a stent portion. 

FIG. 18 shows a perspective view of a stent of 
the Fig. 17 embodiment. 

FIG. 19 shows a view of a stent-forming sheet 
of material employing locking tabs. 

FIG. 20 shows a perspective view of an em- 
bodiment of the present invention formed from the 
sheet of Fig. 19. 

FIG. 21 shows a view of a stent-forming sheet 
of material employing a parallelogram shape. 

FIG. 22 shows a perspective view of another 
stent, employing a ring-like configuration. 

FIGS. 23-26 show laid out views of other em- 
bodiments of stent-forming sheets. 

FIG. 27 shows a perspective view of a stent- 
forming sheet of another embodiment of the 
present invention. 

FIG. 28 shows a perspective view of a stent 
formed with the sheet of Fig. 27. 

FIG. 29 shows a cross-sectional view of the 
stent of Fig. 28. 

DETAILED DESCRIPTION 

As shown by Figs. 1-4, a flat sheet or mem- 
brane of material 10 is formed with an oval-shaped 
mesh pattern in the body portion 15 of the sheet. 
One end of body portion 15, buckle portion 20, 
includes a pair of rows of teeth 25 and an outer 
loop portion 30. The sheet is formed into a sub- 
stantially cylindrical shaped stent by passing the 
bottom end 35 through the outer loop portion 30 of 
buckle portion 20. Teeth 25 then engage oval- 
shaped apertures 33, which form a mesh pattern. 

As seen in Figs. 2, 3 and 4, the bottom end 35 
is threaded through buckle portion 20, which forms 
a loop or slot extending along the longitudinal axis 
of the stent, and has loop ends 45, 47. In Fig. 2 the 
stent is shown in a reduced diameter form, and in 
this form the stent is placed on a stent delivery 
catheter to be transported to a site in a vessel that 
the stent is to be deployed. The stent is then 
expanded to an enlarged diameter form for deploy- 
ment, as shown in Fig. 3. 

Operation of the stent will now be described. 
The stent is placed over the stent delivery catheter 
that has been prepared for PTCA angioplasty. The 



catheter is percutaneously introduced into a vessel, 
following a previously positioned guidewire in an 
over-the-wire angioplasty catheter system, and 
. tracked by a fluoroscope, until the balloon portion 
5 and associated stent are positioned at the point 
where the stent is to be placed. The balloon is then 
inflated and the stent is expanded by the balloon 
portion from a reduced diameter form to an ex- 
panded diameter form. After the stent has been 

io expanded to its final expanded diameter, the bal- 
loon is deflated and the catheter is withdrawn, 
leaving the stent in place. As is appreciated by 
those skilled in the art, the stent while being trans- 
ported is of a sufficiently small, reduced diameter 

75 as to allow it to be readily transported through a 
vessel. Buckle portion 20 keeps the rows of teeth 
25 engaged with apertures 33, at a suitable angle 
of engagement, to help prevent misalignment and 
incorrect engagement. 

20 Fig. 4 shows a perspective view of this locking 

feature of this embodiment of the present invention, 
while Fig. 5 shows a perspective view of a substan- 
tially parallelogram disposed sheet forming this 
embodiment of stent, employing a helically extend- 

25 ing slot buckle. The helically extending slot insures 
that the stress loads are directed in a direction anti- 
parallel to the longitudinal axis of the stent, which 
helps prevent catastrophic failure. 

A material constituting any embodiment of the 

30 stent can be a thin flexible polymer material, such 
as a polyimide, coated with a strengthening ma- 
terial comprising a pyrolytic carbon. The pyrolytic 
carbon coating preferably is only about one ang- 
strom (10~ 10 m) thick, which does not increase the 

35 cross-sectional profile of the stent in any appre- 
ciable manner, yet provides for increased tensile 
strength, stiffness, and resistance to radial com- 
pression. Furthermore, the pyrolytic carbon layer is 
anti-thrombogenic. This material can not only be 

40 employed in the stent embodiment shown in Figs. 
1-4, but also may be employed in all embodiments 
of stents disclosed herein. Furthermore, in all of the 
embodiments of stents disclosed herein the ma- 
terial comprising the stent may be made of a 

45 biodegradable material, and may be a material 
impregnated with a drug, so the stent may locally 
treat a particular lesion or disease. 

Expansion of stent 10 from a reduced diameter 
form into an expanded diameter form is preferably 

so performed by a balloon catheter. Any other means 
for expanding the stent, however, may be used. 
Furthermore, the present stent is not limited to use 
in coronary arteries and over-the-wire angioplasty 
catheter systems. The stent may be deployed in 

55 any body lumen by any suitable means. 

Another feature of the embodiment of Figs. 1-4 
is the spiral shape assumed by the cross-section of 
the stent when it is rolled up in a reduced diameter 
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form as shown in Fig. 2. When the stent is ex- 
panded from a reduced diameter form, as shown in 
Fig. 2, to an expanded diameter form, as shown by 
Fig. 3, end 35 is deflected by a greater angle of 
rotation and/or translation than is buckle end 20, 
due to the geometry and composition of the wound 
up stent. This results in end 35 undergoing more 
deformation than end 20. Consequently end 35, 
and the bottom portion of the body portion 15, 
desires to return to its original reduced diameter 
shape more readily than buckle end 20 and the top 
buckle portion of body 15, which makes the stent 
resiliently biased radially inward. The stent thus is 
biased to return to its reduced diameter form. This 
resiliency helps teeth 25 engage apertures 33 more 
completely. The bias feature can be built into all 
suitable embodiments of the present invention. 

Turning attention now to the embodiment of 
Figs. 6 and 7, there is shown a sheet of materia! 
50, in substantially the shape of an elongated par- 
allelogram, having sides 60, 62, with side 60 having 
a plurality of projections 55 extending from the 
side. Sheet 50 may be formed of any suitable 
material, and may be woven, textured or contain 
apertures like the embodiment of Fig. 1. Sheet 50 
is wound, into an elongated cylinder, with the sides 
60, 62 overlapping and forming a helical seam 64 
spiralling about the longitudinal axis of the stent. 
Projections 55 engage the material and maintain 
the stent in an enlarged diameter form, when the 
stent is expanded in the manner described above. 

Fig. 8 shows another embodiment of the 
present invention. A substantially rectangular sheet 
70 is formed with a plurality of apertures 75. On 
longitudinal edge 85 there are a plurality of projec- 
tions 80 that engage apertures 75 when the stent is 
rolled up. As shown in Fig. 9, when the sheet is 
rolled up into a cylindrical stent, the edges of the 
sheet overlap along the longitudinal axis of the 
stent and projections 80 engage apertures 75 to 
lock the stent in an expanded diameter form, to 
resist collapse of the stent back into a reduced 
diameter form. The stent may be made of the 
same material as the embodiment of Fig. 1 . 

Turning attention now to Figs. 10 and 11, there 
is shown another embodiment of the present inven- 
tion. A sheet of material 90 constituting the stent is 
made up of a reticulated structure employing S- 
shaped bars 95 that are linked with one another by 
interspaced linking bars 100 at the top and bottom 
portions of the S-shaped bars. At the edge of sheet 
90 is a row of teeth 105 that form locking projec- 
tions to engage the apertures in sheet 90 when the 
sheet is rolled into a cylindrical shape to form, the 
stent. As can be seen from Fig. 10, the placement 
of the linking bars 100 along the S-shaped bars 95 
and the spacing of the S-shaped bars 95 about one 
another may be a repeating pattern, such as a 



pattern that achieves a substantially spiral pattern 
of S-shaped bars about the stent longitudinal axis, 
insuring flexibility. The reticulated structure shown 
may be employed in all embodiments of the 

5 present invention. 

Turning attention to Figs. 12 and 13, there are 
shown alternate embodiments of the present inven- 
tion disclosing reticulated structures having hon- 
eycomb-like cells with gaps interrupting the hon- 

70 eycomb-like cells in the reticulated structures to 
increase flexibility. In Fig. 12, sheet 110 has a 
plurality of honeycomb-like cells 115 that end at 
edge 120 in a row of locking teeth 122. which 
function as in the above embodiments to hold the 

75 stent open in an enlarged diameter form. In addi- 
tion, horizontally spaced gaps 125 in the hon- 
eycomb cells 115 allow increased flexibility when 
sheet 110 is rolled, up into a cylindrical form with 
overlapping edges extending along a longitudinal 

20 direction. The gaps 125 extend along the horizontal 
direction orthogonal to the longitudinal direction of 
the sheet, which extends along the longitudinal axis 
of the stent. When the stent is formed from the 
honeycomb like sheet gaps 125 form a series of 

25 bars interspaced along the longitudinal axis. Like- 
wise as shown in Fig. 13, sheet 130 has a plurality 
of honeycomb like cells 135 that end at the edge in 
two rows of locking teeth 137, with the addition of 
diagonally slanted gaps 140 to allow increased 

30 flexibility. The diagonally slanted gaps 140 form a 
spiral configuration along the longitudinal axis of 
the stent. 

Turning attention to Figs. 14-15 there is shown 
another embodiment of the present invention. A 

35 parallelogram-shaped reticulated sheet 150 is 
made up of box-shaped cells that end along one 
edge in a series of locking members, hooks 152. 
The sheet 150 is rolled into a cylindrical form, as in 
the embodiment shown in Fig. 7. Like the embodi- 

40 ments of Figs. 5 and 7, one advantage of a helical- 
ly extending longitudinal seam over a non-helically 
extending longitudinal seam is that in the event of a 
failure, a break or tear between the locking mem- 
bers and the sheet will not propagate along the 

45 longitudinal direction in as readily a manner as 
when the load is distributed over a non-helical 
interface. In addition, the helical locking seam ap- 
pears to distribute the load along the locking mem- 
ber interface in a more stable manner than a non- 

so helical locking seam. 

As shown by Fig. 16, a sheet or membrane of 
material 160, which may be any material suitable 
for a vascular prosthesis or stent, is formed with 
protrusions or teeth 165 on both sides of the edges 

55 of the sheet. As the sheet is rolled up to a cylin- 
drical shape the upper edge 170 will become the 
inner surface 170 of the cylindrical stent and the 
lower edge 175 will become the outer surface 175 
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of the stent. 

The protrusions are in the form of rows of 
individual teeth. In general the protrusions may be 
formed in any shape and in any manner, including 
but not limited to machining, etching, thermo-curing 
process, injection molding, laser machining, extrud- 
ing, casting and adding the protrusions to a smooth 
body made of the same or different material from 
the protrusions, or treating the body to create a 
roughened surface texture. In one embodiment, the 
teeth are arranged in a substantially orderly, 
spaced arrangement of rows. In addition, the stent 
may be made directly into a cylindrical shape 
without first forming a flat sheet. 

As can be seen from Fig. 16, the stent is 
formed from a rolled-up cylinder of material having 
overlapping longitudinal edges 180, 185, which lie 
along the longitudinal axis of the cylinder in a 
substantially parallel manner. Edge 185 fits through 
buckle slot 210, which serves as both a locking 
component and an alignment component. Teeth 
165, 175 on each overlapping edge are slanted or 
sloped in opposite directions to each other, to form 
a one-way locking arrangement that resists col- 
lapse of the stent to a smaller diameter once the 
teeth are engaged. The stent is configured so it 
inherently tends to roll up into a smaller diameter, 
but is prevented from doing so by the interlocking 
teeth. 

When the teeth are engaged with one another, 
the slope of the teeth allows the stent to be un- 
rolled to an enlarged diameter much more readily 
than the stent can be collapsed to a rolled-up, 
reduced diameter. The cooperation of the teeth 
lock the stent in an expanded diameter form. 

Operation of the stent will now be described. 
The stent is expanded from a reduced diameter, 
which is the state the stent is in while it is being 
transported through the vasculature, to an expand- 
ed diameter, which is the state the stent is in when 
operationally deployed in the vasculature. As is 
appreciated by those skilled in the art, the stent 
while being transported is of a small, reduced 
diameter sufficient to allow it to be readily trans- 
ported through a body lumen. In this reduced di- 
ameter form, the stent is a rolled cylindrical sheet 
with overlapping edges, but teeth 165, 175 are not 
in contact with each other. When the stent is ex- 
panded from its reduced diameter to its enlarged 
diameter, the teeth would engage each other and 
the stent locks in an operational manner to function 
as a prosthesis. 

Expansion of the stent from a reduced diam- 
eter to an expanded diameter is preferably per- 
formed by a balloon catheter or other mechanical 
means. Any other means for expanding the stent, 
may be used, however, including reliance on ex- 
pansive properties of the material of the stent itself, 



which may be made of a memory material such as 
Nitinol™, Elastinite™, or other superelastic materi- 
als. Furthermore, it should be understood that the 
present stent is not limited to use in coronary 
5 arteries and angioplasty catheter systems, but the 
stent may be deployed in any body lumen by any 
suitable means. 

Briefly and in general terms regarding the use 
of a balloon catheter to deploy the stent, when the 

70 stent is to be deployed in a coronary artery, the 
stent is placed over and mounted on the balloon 
portion of a catheter that has been prepared for 
PTC A. The catheter is introduced percutaneously 
into a body lumen, following a previously posi- 

75 tioned guidewire in an over-the-wire angioplasty 
catheter system, and is tracked by a fluoroscope, 
until the balloon portion and associated stent are 
positioned at the point where the stent is to be 
placed. Thereafter, the balloon is inflated and the 

20 stent is expanded by the balloon portion from a 
reduced diameter to an expanded diameter. After 
the stent has been expanded to its final expanded 
diameter, the balloon is deflated and the catheter is 
withdrawn, leaving the stent in place. 

25 Superelastic materials, such as nickel-titanium 

alloys (Ni-Ti), also may be used as a stent material 
for the present invention. Such superelastic ma- 
terial stents are self-expanding and eliminate the 
need to expand the stent though balloon dilatation 

30 or other mechanical means. Deployment of the 
stent made of a superelastic material could be 
achieved by confining the stent to a minimum 
diameter, for example, by enclosing the stent with 
a sheath while it is in its reduced diameter form, 

35 and allowing the stent to expand by retracting the 
sheath when it is desired to deploy the stent in an 
operational, expanded diameter form, by retracting 
the sheath. In this case the expansion of the stent 
occurs due to the inherent properties of the ma- 

40 terial constituting the stent. The properties of these 
superelastic materials are known by those skilled in 
the art. 

Similarly, thermal shape memory polymers or 
metallic materials may be used as a stent material 

45 for another similar kind of self-expanding stent 
These thermal memory stents have a transition 
temperature set at a value such that, at a normal 
body temperature, the stent is in a collapsed (plas- 
tically deformed) state, but with the application of 

so heat, such as via a hot balloon catheter or a hot 
liquid (such as saline) in a perfusion system, the 
stent would expand by itself to assume its final 
diameter in the body lumen. 

Stainless steel, tantalum, gold, platinum or an- 

55 other biocompatible metal, such as suitable tung- 
sten alloys, also may be used as a material for the 
stent of the present invention. 



7 



13 



EP 0 621 017 A1 



14 



The stent may be made of a bioabsorbable 
material, allowing the stent to dissolve. Such ma- 
terials include, but are not limited to, polymers of 
the linear aliphatic polyester and glycolide families. 
The stent also may be made of a material having a 
lubricous coating such as silicone so that it has 
less resistance during deployment. These materials 
may also contain or be impregnated with various 
drugs, so that the stent may be used as a localized 
drug delivery device. The drugs impregnating the 
stent may include enzymes to prevent blood co- 
agulation, or medication to prevent hyperplastic 
response from a blood vessel or body passageway 
or reduce the likelihood of restenosis. 

Other materials contemplated for the stent em- 
bodiments of the present invention include biocom- 
patible polymers, such as of the type from the 
polyethylene, polyester and polypropylene families 
and plastics such as a polymer from the linear 
aliphatic polyester family, such as poly(lactic acid), 
poly(glycolic acid) or polycaprolactone, and their 
associated copolymers, degradable polymers such 
as polyorthoester, polyanhydride, polydioxanone 
and polyhydroxybutyrate. 

Turning now to Fig. 17, there is shown a pro- 
trusion pattern for the longitudinal edge of the stent 
of the present invention. A stent made according to 
the Fig. 17 embodiment has its teeth formed of 
triangular ridges 190, formed to extend along lon- 
gitudinal rows extending along the length of the 
stent, to form a serrated longitudinal edge. Both the 
inner and outer sides of the cylindrical sheet for- 
ming the stent have such serrated edges. 

Thus, as shown in Rg. 18, the triangular ridges 
lying on the inner surface of the stent would pro- 
trude radially inwardly toward the center of the 
cylindrical stent, and would lie on the outermost, 
overlapping, longitudinal edge 195 of the stent, the 
edge overlying innermost longitudinal edge 200. 
Likewise the triangular ridges that lie on the outer 
surface of the stent would protrude radially out- 
wardly away from the center of the . cylindrical 
stent. As before, the triangular ridges on both the 
innermost and the outermost longitudinal edges are 
sloped to resist collapse of the stent to a reduced 
diameter after it has been expanded to its larger 
diameter. 

In addition, there exist apertures 205 in the 
stent to allow endothelial tissue growth into the 
stent, blood tissue interaction, access for side- 
branch patency, and as an aid for mechanical 
flexibility. The stent can have more or fewer ap- 
ertures than depicted, or none at all, depending 
upon the desired application. 

Yet another embodiment of the invention is 
depicted in Figs. 19 and 20. An intraluminal stent 
240 has a plurality of tabs 245 along edge 250 of 
the stent. Each of tabs 245 has a plurality of teeth 



255 adapted to engage teeth 260, which are lo- 
cated along the edges of elongated slots 265. 

Each of tabs 245 and elongated slots 265 are 
aligned on the stent so that tab 245 can be in- 

5 serted in crescent-shape aperture 270 of the slot. 
When the tab is properly positioned in the elon- 
gated slot, the teeth 255 on the tabs engage and 
interlock with the teeth on elongated slot 265, 
thereby locking the stent in a cylindrical form at a 

io specific, yet easily, adjustable diameter. In order to 
prevent tabs 245 from unintentionally disengaging 
a reinforcing member 263 may be affixed to all of 
the tabs after the stent is rolled. Furthermore, a 
pair of breakaway tabs 275 may be used to con- 

75 nect the sheet at its overlapping edges while the 
stent is being transported, to maintain the stent in a 
reduced diameter form and preserve a minimal 
profile during transport of the stent through a 
vasculature. Such breakaway tabs may be em- 

20 ployed in all embodiments of stents of the present 
invention. 

The deployment of stent 240 in a patient is 
much the same as previously described. The in- 
traluminal stent is collapsed to a first diameter onto 

25 the balloon portion of a balloon catheter and deliv- 
ered to the site of deployment in the manner 
previously described. 

When the balloon portion of the catheter is 
inflated, stent 240 will correspondingly expand radi- 

30 ally outwardly until it comes in contact with that 
portion of the body lumen where it is to be de- 
ployed. As the stent 240 radially expands, retaining 
tabs 275 will break away and permit the stent to 
expand proportionately. The teeth 255 on tabs 245 

35 will ratchet along teeth 260 of elongated slots 265 
and will engage in an interlocking manner once 
expansion is completed. The inherent tendency of 
the intraluminal stent to close, as well as any force 
exerted by the walls of the body lumen on the 

40 outside of the stent, are sufficient to maintain teeth 
255 and teeth 260 in an interlocking relationship so 
that the intraluminal stent maintains its form as 
cylindrical body 280. 

Intraluminal stent 240 may have a plurality of 

45 elongated apertures 285 to allow endothelial tissue 
growth into the stent, blood tissue interaction, ac- 
cess for side-branch patency, and to provide for 
mechanical flexibility. If the stent is positioned in a 
particularly tortuous vessel or in a curved area, it is 

so desirable that the stent be able to flex somewhat 
along its longitudinal length so that the ends of the 
stent do not irritate the vessel wall. Flexibility also 
is desirable to improve the ability to deliver the 
stent. Elongated apertures 285 facilitate the flexibil- 

55 ity of the stent in curved areas. Apertures 285 may 
take many geometric shapes and still accomplish 
the desired objectives. For example, the apertures 
may be a plurality of laser pinholes randomly 
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spaced throughout the stent material. 

Fig. "21 discloses another embodiment of stent 
that employs stent material 290 of a parallelogram 
shape and uses triangular notches (295) as ap- 
ertures to both grip the stent and encourage en- 
dothelial tissue growth. In this embodiment the 
stent when rolled has a helically spiralling seam, by 
nature of its parallelogram shape. 

As previously stated with respect to other em- 
bodiments, the intraluminal stent can be made of 
plastics, metals, and superelastic materials as de- 
scribed. Further, the intraluminal stent can be im- 
pregnated with various drugs, may be bio-compati- 
ble and/or bio-erodible. 

In another embodiment of the invention, the 
stent can be in the form of one or more rings rather 
than a cylinder. It is contemplated that a plurality of 
rings could operate either independently of one 
another, either singularly or plurality in a side-by- 
side fashion, or, the rings could be interconnected 
. to one another. 

For example, as shown in Fig. 22, an embodi- 
ment of the present invention depicts stent 300 
having a first longitudinal edge 305 and a second 
longitudinal edge 310. First longitudinal edge 305 
comprises an elongated slot 315 that is slightly 
wider than the width of second longitudinal edge 
310. A plurality of teeth or protrusions 325 extend 
substantially the entire length of the stent ring. 
There may be fewer teeth than is depicted in FIG. 
22, depending upon the use of the stent and the 
nature of the body lumen in which it will be de- 
ployed. Tooth geometry may vary widely. 

Stent 300 is coiled or rolled-up into a cylin- 
drical configuration by inserting second longitudinal 
edge 310 through elongated slot 315 and sliding 
the stent onto the balloon portion of a catheter so 
that it has a low profile for transport through a body 
lumen. When the stent is positioned at the location 
where it is to be deployed, the balloon portion of 
the catheter is expanded, as previously described 
with other embodiments, until the stent comes in 
contact with the arterial wall. As the stent expands 
to its larger diameter, teeth 325 engage the edges 
of slot 315, in a ratcheting manner, until the stent is 
fully expanded. As previously described, the stent 
has a tendency to return to its coiled configuration 
and is prevented from doing so by the interlocking 
relationship between teeth 325 and slot 315. As 
can be appreciated, the geometric shape of that 
portion of the stent surrounding elongated slot 315 
may take any shape. Further, the dimensions of the 
stent can vary depending upon the application. As 
also can be appreciated, but not shown in the 
drawing figures, stent 300 may have a plurality of 
apertures that would increase its flexibility so it 
could be placed in a tortuous area of a coronary 
artery. 



Other embodiments of sheets forming ring 
stents are shown in Rgs. 23 and 24. As can be 
seen from the figures, the ring stents are either 
interconnected (Fig. 23) or spaced from one an- 
5 other in a zig-zag or sinusoidal fashion (Fig. 24). If 
the ring stents are spaced from one another, as in 
Fig. 24, the edges 340 may be tapered, so that if 
the rings stents overlap, the profile may be kept at 
a minimum. It should be noted that the stent of Fig. 

70 23, as any of the stent embodiments of the present 
invention, may employ a breakaway tab 345 to 
maintain the stent in a reduced diameter form 
during transport of the stent through a vasculature, 
with the tab breaking when the stent is expanded 

75 during deployment. In addition, the stent of Fig. 23 
may have teeth 350 joined together in a unitary 
construction, for better structural integrity, with the 
teeth breaking apart when tab 355 is inserted into 
slot 360 and the stent expanded. 

20 Another embodiment of stent employing a sin- 

gle stent ring is shown in Fig. 25. Here one or 
more teeth 370 engages one or more protrusions 
375 inside of a slot-like portion of the stent. 

Yet another example of a stent employing a 

25 plurality of rings is depicted in FIG. 26. A plurality 
of strips or stent rings 380 are formed from a sheet 
of material, with the stent rings 380 having along 
their edges teeth 385. The stent rings are formed 
by passing ends 390 through slots 395, whereupon 

30 the stent is formed into a cylindrical shape having 
a plurality of stent rings joined at tab portion 400. 
The stent so formed is able to be expanded to a 
plurality of different size diameters along its axial 
length, because the stent rings 380 can be ex- 

35 panded to various diameters independent of one 
another, as they are joined only a connecting tab 
portion 400. The stent thus formed may be made 
more flexible. Furthermore, breakaway tabs may be 
employed to keep the stent in a collapsed state 

40 until such time that the stent is to be deployed, at 
which time the stent may be expanded and the 
breakaway tabs broken. 

In another embodiment of the invention, de- 
picted in Figs. 27-29, an intraluminal stent 410 is 

45 depicted as a flat sheet and in its rolled-up cylin- 
drical configuration. A first longitudinal edge 415 
has a slot 420 adjacent the edge and extending 
through the sheet. A plurality of protrusions or teeth 
425 are located adjacent slot 420. At the opposite 

50 end of stent 410 is second longitudinal edge 430 
which has a plurality of apertures 435 located adja- 
cent edge 430. In order to roll the stent, second 
longitudinal edge 430 is coiled up and inserted in 
elongated slot 420 until the stent is tightly coiled to 

55 a reduced diameter form and slid onto the balloon 
portion of a catheter. When the stent is loaded onto 
a balloon portion of a catheter, it has a low profile 
and can be easily transported through a body 
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lumen and into, for example, the coronary artery. 
Once the stent is positioned in a coronary artery, 
the balloon portion of the catheter is radially ex- 
panded which in turn radially expands stent 410. 
As the stent expands, apertures 440 come in con- 5 
tact with teeth 425 and engage each other in an 
interlocking relationship. Stent 410 has tendency to 
return to its coiled state, thus, the interlocking 
relationship of the apertures and teeth prevent the 
stent from contracting. jo 

The stent of the present invention, in particular 
the embodiments of Figs. 19-29, are designed to 
engage in a sure manner, and, once engaged, to 
stay engaged with a high degree of reliability. 

In all of the stent embodiments disclosed, it is 75 
desirable to minimize the number of protrusions 
that line the inner surface of the stent, to minimize 
the possibility of fibrin accumulation and thrombo- 
sis. To this end, the inner surface of the stent (the 
outermost edge) may have fewer rows of protru- 20 
sions along the longitudinal edge, to maintain a ' 
smooth interior by minimizing the protrusions ex^ 
posed inside the stent, that is, to minimize the 
number of protrusions that are not engaged. 

The stent may be deployed in a vessel by any 25 
suitable means, such as with a stent delivery cath- 
eter formed from a angioplasty balloon catheter. 

Again, it should be understood that while in the 
above embodiments the protrusions on the body 
were formed from the body of the stent, in general 30 
the protrusions may be formed in any manner, 
including by adding the protrusions to a smooth 
body made of the same or different material from 
the protrusions, or by treating the body to create a 
roughened surface texture, with or without aper- 35 
tures in the body. As before, the surface texture 
forming the protrusions may be formed via plasma 
techniques, corona techniques, molding, casting, 
laser machining, etching, non-laser machining, ex- 
truding, or any other technique that changes the 40 
surface texture of the body. 

Although in the preferred embodiment the stent 
of the present invention is deployed in a vessel 
with a balloon catheter, any suitable means for 
transporting and delivering the stent may be used. 45 
Furthermore, other modifications can be made to 
the present invention by those skilled in the art 
without departing from the scope thereof. 

The stent of the present invention may be used 
not only in cardiovascular procedures, but also in 50 
urinary, prostate, renal, cerebral, nasal, auditory, 
rectal procedures and other medical procedures. 

Furthermore, it should be understood that any 
dimensions set forth for the above embodiments 
are not intended to limit the invention to only those 55 
dimensions. For example, while certain dimensions 
might be appropriate for a stent used in a coronary 
artery, these same dimensions might not be suit- 



able for a stent used in other areas of a patient's 
vasculature or body lumen. It is also understood 
that the drawings are not necessarily to scale. 

Other modifications can be made to the 
present invention by those skilled in the art without 
departing from the scope thereof. 

Claims 

1. An intraluminal stent implantable in a body 
lumen, comprising: a plurality of rings having 
at least a pair of overlapping edges; a plurality 
of teeth on at least one of said overlapping 
edges; whereby said rings are expanded from 
a first diameter to an adjustable, enlarged di- 
ameter so that said teeth engage in an inter- 
locking relationship to hold said rings in said 
enlarged diameter form. 

2. An intraluminal stent implantable in a body 
lumen, comprising: a cylindrical body portion 
formed of a sheet having longitudinally extend- 
ing overlapping edges; a plurality of tabs lo- 
cated on one edge of said sheet; a plurality of 
slots on said sheet corresponding with and 
aligning with said tabs; whereby said slots re- 
ceive said tabs. 

3. An intraluminal stent implantable in a body 
lumen, comprising: a cylindrical body portion 
having an axial length extending along a lon- 
gitudinal direction, said cylindrical body portion 
formed of a sheet having a first longitudinal 
edge and a second longitudinal edge, an elon- 
gated slot in said sheet on said first longitudi- 
nal edge, said elongated slot adapted to re- 
ceive said second longitudinal edge. 

4. An intraluminal stent implantable in a body 
lumen, comprising: at least one strip disposed 
along a longitudinal direction, said strip for- 
ming a ring having overlapping edges; a slot 
disposed in said stent, said slot receiving said 
strip to form said ring. 

5. An intraluminal stent implantable in a body 
lumen, comprising: a substantially cylindrical 
body portion having a length extending along a 
longitudinal direction, said body portion having 
a first edge that contains a slot extending 
along said longitudinal direction, and said body 
portion having a second edge extending along 
said longitudinal direction; said second edge 
passing through said slot; wherein when said 
cylindrical body portion is expanded from a 
first reduced diameter to a second, enlarged 
diameter, said at least one of said edges un- 
dergoes greater deformation than said other 
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edge, to create a bias so that said stent is 
biased to return to said first reduced diameter 
form. 

An intraluminal stent implantable in a body 5 
lumen, comprising: a body portion formed from 
a sheet, said sheet having a first edge and a 
second edge parallel to said first edge, said 
sheet having a plurality of apertures near said 
first edge of said sheet and a plurality of teeth w 
extending from said second edge of said 
sheet, said body portion having a substantially 
cylindrical shape, wherein said teeth engage 
said apertures, wherein said substantially cylin- 
drical body portion has an axial length extend- 75 
ing along a longitudinal direction, and said 
sheet is formed from a reticulated structure 
having a plurality of substantially S-shaped 
members, said S-shaped members having top 
and bottom portions, said top and bottom por- 20 
tions extending along said longitudinal direc- 
tion, with said S-shaped members connected 
to one another through a plurality of intercon- 
necting members attached to said top and 
bottom portions of said S-shaped members. 25 

An intraluminal stent implantable in a body 
lumen, comprising a body portion formed from 
a sheet, said sheet having a first edge and a 
second edge parallel to said first edge, said 30 
sheet having a plurality of apertures near said 
first edge of said sheet and a plurality of teeth 
extending from said second edge of said 
sheet, said body portion having a substantially 
cylindrical shape, wherein said teeth engage 35 
said apertures in an interlocking manner, 
wherein said substantially cylindrical body por- 
tion has an axial length extending along a 
longitudinal direction, said sheet is formed 
from a reticulated structure comprising a plu- 40 
rality of substantially honeycomb-like mem- 
bers, with a plurality of gaps interrupting said 
honeycomb-like members to allow increased 
flexibility. 

45 

An intraluminal stent implantable in a body 
lumen, comprising a substantially cylindrical 
body portion having an axis extending along a 
longitudinal direction, said body portion formed 
from a sheet of material, said sheet having a 50 
pair of edges that form a spiral seam about 
said longitudinal direction. 
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